Abstract: Azores dairy represents 30% of Portuguese production. The farms are dominated by family nature and a relevant part of them are an exclusive source of the producer's income. Nowadays, the milk production has some problems due to the falling prices of milk on the producer and the European milk quotes abolishment. This situation requires the assessment of the Azorean dairy farms efficiency as a way to rationalize the use of the factors of production for the milk production. The aim of this research is to estimate the Technical Efficiency (TE) in two different groups of farms, of which the used criteria were to earn incomes exclusively from farm (Full-Time Farmer, FTF) or to have another complementary source of income (Partial-Time Farmer, PTF). The farms database was provided by a farmers' association and the Data Envelopment Analysis (DEA) was chosen for modelling TE estimation. The main findings show the inexistence of substantial differences in the farms performance with or without complementary sources of income (0.679 for PTF and 0.689 for FTF). However, the most efficient farms are related with the main source of income.
Introduction
Azores is a Portuguese archipelago located in the middle of North Atlantic, between the European and American Continent. Its surface area is 2,322 km 2 and, in 2012, there were 247,440 residents (SREA, 2013). The weather, soil distribution and steep slopes have conditioned all the activities of the Azorean people. Also, it is a consequence of a deep humanization of five centuries. Most residences and agricultural fields are below 150 meters of altitude. Above 350 meters, there are grasslands and few forests and above 1,200 meters, only forest (Cruz et al., 2005) .
The main economic activity of Azores has always been agriculture and its developing models are designed to take livestock production as the base, particularly dairy farming for milk production (Silva, 1994) , which has a big impact on the landscape and territory conservation. In 2013, there were 11,806 farms (SREA, 2013), with an average size of 10 hectares. Almost 97% of the Utilised Agricultural Area (UAA) was used by animal production, through 49% farms, and the milk production affects 37% of the Azorean farms, which occupy 57% of the UAA of the region (INE, 2011, Sebastião et al., 2012 ).
The rearing of cattle for milk is also the most important activity for the Azores regional economy that has had a growing increase since Portugal joined the European Union. Milk production (536,016,473 litres) represents 29.86% of the Portuguese production (SREA, 2013). Therefore, cheese, butter and fresh milk are the most representative dairy products.
In terms of population occupation, this activity also has repercussions. The family farming population of the Azores represents 17% of its resident population (data for 2009), with more than one half (52%) being below 45 years old and 16% are over 65 years old (Sebastião et al., 2012) . Only one third of the family farm population has a gainful activity outside the farm that complement their income, mainly producers (37%) and their spouses (36%), than the other elements of family (27%). This population corresponds to 11,532 Annual Work Units (AWU) and is in charge of 80% of the agricultural work needed, according to data of 2009 (Sebastião et al., 2012) . These authors pointed out that Azorean farms also have temporary (64%) or permanent labour (11%).
Concerning agricultural sustainability, there are 13,360 sole producers, in 2009, from which 24% are a full time and 96% want to carry on the agricultural activity in order to complement the family income, due to the affective value and due to the lack of professional alternative (Sebastião et al., 2012) . In addition, the farming activity is the main source of income for 99% of sole producers.
Given the importance of dairy farming for Azores, any exogenous variable could be risky for the milk production affecting its equilibrium and having serious consequences for the region, as the end of the European milk quotes system. Silva et al. (2016) showed that this policy issue will decrease the milk price and consequently can affect the establishment of Azorean young farmers.
Previous studies showed the efficiency scores that were estimated using partial index. For example, Arzubi and Berbel (2001) used the amount of milk (litres) per cows in a year (or day) as dairy farm productivity or the amount of milk per hectare as land productivity. These indexes are partial and the milk production in a grazing system depends on various factors. In this sense, Barnes et al. (2011) argued for a whole-farm, rather than a partial indicator, approach to assessing efficiency should be accounted for. The efficiency models play an important role in the field of dairy production as it allows a more complete and adequate reproduction of the real context to reach high levels of performance.
Two different types of efficiency models has been used; (1) Atzori, et al., 2013) . These models have the concept of efficiency in common, which has been decomposed by Farrell (1957) into Technical Efficiency (TE) and Allocative Efficiency (AE).
The TE measures the maximum equiproportion reduction in all inputs that still allows continued production of given outputs. The AE reflects the ability of a firm to use the inputs in optimal proportions, given their respective price. These two concepts, forms the concept of economic efficiency (Coelli, 1996) . Both are very useful to support decision-making because they give an indication of the main characteristics for an efficient farm and how some of the problems identified may be solved (Silva and Marote, 2013) . such us, the farms number, the input and output number of variables, the benchmarking firms, the homogeneity of farms, the animal grazing system efficiency (Mendes et al., 2013) and then, the comparisons should be done carefully.
Generally, the results indicate that dairy farms could maintain the current output with decreasing current inputs. The major drivers of the dairy systems efficiency were identified as the education level of the household head, herd size, farm size and farmers' experience (Fare and 2016) found that the managerial and technical indexes differed according to the stages of production under study, and these authors categorized three production levels: small, medium or large units.
Efficiencies are also positively correlated with concentrate feed ratio (Parlakay et al., 2015; and Angon et al., 2013) and Fare and Whitakker (1995) showed that using intermediate products increase the efficiency of dairy farms.
Besides the referred variables, in a very recent survey of Mehmood et al. (2018) , cross-breed and imported cattle had significant positive impacts on efficiency, followed by the diversified sources of income.
Data and Methodology
Agricultural Association of S. Miguel (AASM, n.p.) were the used database for this research, which integrated 91 dairy farms, in 2010. The sample selection criteria were: (1) to be a representative dairy farms typology of Azores; (2) to have organized accountancy methods; and (3) to pursue the milk recording.
The dairy farms efficiency was assessed according to the income source of the farm that was organized in two groups: farms whose owner has complementary (Group I -PTF) or exclusive (Group II -FTF) sources of income from agriculture. According to Sebastião et al. (2012) , the complementary activities of dairy farms in Azores are forest (0.2%) and other activities (1.3%), such as the third sector activities, mainly in the Regional Public Administration.
From the 91 dairy farms, 9.8% (9 farms) belong to Group I, and 90.2% (83 farms) have income that comes exclusively from agriculture (Group II). These values are similar to Sebastião et al. (2012) data, which found a 99% of sole producers from the Azorean dairy farms. Also, Lopes et al. (2016) categorized the production system under study into three production levels: small (nine units), medium (nine units) or large (two units).
The structural characteristics obtained by the average scores of these farms are shown in Table  1 , which analysis shows little divergence between the two groups of farms, in terms of farms size (40.4 hectares) and livestock density (2.4 and 2.5). However, there was a slight increase in the average values of the total number of animals (90.6) and of dairy cows (67.3) from Group II.
The largest discrepancy between the groups under analysis is the number of employees on farms. While the production units of Group I always employ agricultural workers and the producer does not work in agriculture, the average figure is 1.8 workers, Group II has 0.7 workers and only a few of their farms use wage-labour.
In Table 1 , it is possible to identify milk production and its Entrepreneur and Family Income per hectare. Farms whose income comes exclusively from farming (8104.8 litres of milk per cow and 1032.8 €/Ha, respectively) are slightly higher as compared to farms with complementary incomes of the agricultural activity (7666.6 litres of milk per cow and 730.9 €/Ha). This may be due to the struggle effort of the farmer who relies exclusively on agriculture to ensure the maximum yield. The total costs structure of the majority of the observed Azorean farms reveals the high weight of food (38.1%), and as result its reduction is one of the main goals of milk producers (Silva et al., 2016) . In general terms, the average annual costs per hectare of these dairy farms were 2620.8 Euros (Silva et al., 2016), corresponding to about 70% of the obtained value from the sale of milk (3794 €/ha). Since they are specialized milk production units, the average value of beef sold is very low (212.9 €/ha). However, there are farms that do not sell beef and neither do they receive subsidies, but for others, 22% of the income comes from those supports (Silva et al., 2016).
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Tab 1. Average structure and economic performance of dairy farms under analysis, in 2010. Source: Data from AASM (n.p.
The dairy farms efficiency was estimated by DEA. This no-parametric technique is able to estimate the dairy farms efficiency using the relationship between dairy farms outputs and inputs (Coelli et al., 2005 and Mendes et al., 2013
). The DEA model efficiency is input-oriented, that is, how much can input quantities be proportionally reduced without changing the outputs quantities produced (Coelli, 1996) .
The dairy farmers' TE was found using the DEA Computer Program (DEAP) developed by Coelli (1996) . This program is based on the follow model, that consist of optimization model used by Charnes et al. (1978) , but considering the input components ViXij as a constant (K). 
Yij is the level of output i used by decision making unit j; Xij is the level of input i used by decision making unit j; and Ui and Vi are the non-negative variable weights associated to the solution of decision making unit j, of output and inputs, respectively.
The results of DEA use three models: Constant Returns-to-Scale (CRS) model, the Variable Returns-to-Scale (VRS) model and Scale efficiency (SCA) model. The CRS assumption is only appropriate when all decision making units are operating at an optimal scale. Coelli (1996) refers the study of Banker et al. (1984) , that suggest an extension of the CRS DEA model to the CRS specification when not all decision making units are operating at the optimal scale, which will result in the measure of TE that are confounded by SCA. The use of the VRS specification will permit the calculation of TE devoid of these SCA effects.
In the current research, it were taken three outputs: milk sales, subsidies and others sales, in Euros; and three inputs: cows number, farm size (hectares) and total costs (Euros). These costs included land rent; paid insurance and taxes; equipment and building depreciation; concentrate feeding; fertilizers; medicines and veterinary; electricity; and other costs.
Results and discussion
The analysis of TE, through the DEA method, showed the scores presented in Table 2 regarding TE from CRS, VRS and SCA. The first one indicates that the values of the inputs and outputs are proportional, whereas the VRS shows that the increases of the outputs can be higher or lower than the increases of inputs. Also, the SCA reveals the amount of productivity that can be increased if a change of points occurred for the optimal scale of technical production, which can be achieved by the CRS/VRS ratio (Coelli et al., 2005) . The results show that there are no significant differences in the mean values of efficiency between farms with exclusively agricultural incomes (0.689 to CRS) and those with complementary activities (0.679 to CRS) ( Table 2 ). The differences are greater in the number of efficient farms (only one farm with a supplementary income to agriculture).
Regarding the VRS, there were higher efficiency values (0.818) for Group II compared to Group I (0.787), and 13 efficient farms in the first case while only one was identified in Group I. However, the SCA is slightly higher in Group I (0.855) than Group II (0.845). 
Conclusions
This research allowed us to verify that there are no relevant differences in the productive characteristics of different Azorean farms according to the type of income obtained by their owners (exclusively from the farm or from several complementary sources). However, dairy farms appear to be more technically efficient when the activity has exclusively agricultural incomes than when it has supplementary incomes to the agricultural activity. In the same way, it is confirmed that there are more efficient farms when agriculture is the only source of income.
The VRS and CRS value found in the Azorean research is quite similar to other researches around the world. For example, the average TE found by Arzubi and Berbel (2002) That is, generally, dairy farms could maintain the current output with decreasing current inputs. The increase of the score of milk sector efficiency calls for a better understanding of the key factors driving the performance of dairy systems, which could be a difficult task due to the heterogeneous characteristics of the production systems. However, focusing on the objective of this research, it can be noticed that the fact of having exclusively agricultural incomes can lead to a greater rationalization of the production factors.
Also the situation can be reflected in a productivity logic that benefit the maximizing of the production or raising the community funds that support the development of milk activity, and, therefore, reflected in future regional policies to be implemented.
The inefficient farms could sustain their economic viabilities with the government's livestock supports. As argued by Bozoglu et al. (2017) , the government should facilitate the farmers in achieving efficient use of resources in dairy farming and the link between efficiency and economic sustainability should be recognized as a matter of policy priority. In fact, if the farmers have a complementary income source, they will not depend exclusively on the farm income for family economical survival and well-being. That is, they will be "more independent" of the income and more economically sustainable because they will not exclusively depend on the market prices.
